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Experimental 

Crystal data 

C22Hi,N4S"Br-H20 
M, = 469.40 
Orthorhombic, Pnal^ 
a = 21.8890 (17) A 

= 5.7384 (4) A 
c = 16.6941 (13) A 

Data collection 

Bruker SMART APEX CCD 
diffractometer 

Absorption correction: multi-scan 
{SADABS; Bruker, 2013) 
T^i„ = 0.69, r„,„, = 0.89 



V = 2096.9 (3) A^ 
Z = 4 

Mo Ka radiation 
II = 2.08 mm"' 
T = 150 K 

0.19 X 0.08 X 0.06 mm 



35645 measured reflections 
5394 independent reflections 
4943 reflections with / > 2cr(/) 
Ri„, = 0.046 



Key indicators: single-crystal X-ray study; T = 1 50 K; mean ct(C-C) = 0.004 A; 
R factor = 0.027; wR factor = 0.060; data-to-parameter ratio = 20.5. 



In the title compound, C22Hi9N4S"^ Br" H20, the dihedral 
angles between the phenyl groups and the mean plane of the 
thiazolylidene ring are 34.69 (13) and 64.27 (13)°, respectively, 
while that between the thiazolylidene and pyridinium rings is 
14.73 (13)°. In the crystal, zigzag chains of alternating bromide 
ions and water molecules associate through O— H- ■ Br 
interactions run in channels approximately parallel to the b 
axis. These chains help form parallel chains of cations through 
N-H- ■ O, C-H- ■ -N and C-H- ■ Br hydrogen bonds. 

Related literature 

For the synthesis of thiazoles see: Zambon et al. (2008); 
Franklin et al. (2008); Karegoudar et al. (2008); Ochiai et al. 
(2003). For the biological significance of thiazole scaffold 
compounds, see: Masquelin & Obrecht (2001); Hirai et al. 
(1980); Ah & El-Kazak (2010); Andreani et al. (1996, 2008); 
Budriesi et al. (2008); Walczynski et al. (2005). For similar 
structures, see: Mague et al. (2014); Mohamed et al. (2013fl,&). 



Refinement 

R[F^ > 2a(F^)] = 0.027 

wR{F^) = 0.060 

S = 1.05 

5394 reflections 

263 parameters 

71 restraints 

H-atom parameters constrained 
APmax = 0.60 e A"' 



Table 1 

Hydrogen-bond geometry (A, °). 



Ap„i„ = -0.18 e A"' 
Absolute structure: Flack 

parameter determined using 2220 

quotients [(r)-(r)]/[(r)-F(/-)] 

(Parsons et at., 2013) 
Absolute structure parameter: 

0.011 (4) 
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141 
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0.95 


2.72 


3.645 (3) 


166 


Symmetry codes: (i) x, y -1 


-l,z;(ii).i 


:, y — 1, z; (iii) —x - 


i-5,y-i,z-i. 





Data collection: APEX2 (Bruker, 2013); cell refinement: SAINT 
(Bruker, 2013); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: DIAMOND (Branden- 
burg & Putz, 2012); software used to prepare material for publication: 
SHELXTL. 
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2-((1 f)-1 -{2-[(2Z)-3,4-Diphenyl-2,3-dihydro-1 ,3-thiazol-2-ylidene]hydrazin-l -yl- 
idene}ethyl)pyridin-1-ium bromide monohydrate 

Mehmet Akkurt^ Joel T. Mague, Shaaban K. Mohamed^ Alaa A. Hassan and Mustafa R. Albayati 

1 . Comment 

Several methods for the synthesis of thiazole derivatives have been developed (Zambon et al, 2008; Franklin et al., 2008; 
Karegoudar et al., 2008) with the most widely used method being the Hantzsch's synthesis utilizing thioamides and a- 
halocarbonyl compounds as the starting materials (Ochiai et al, 2003). 1,3-Thiazole scaffold compounds are present in 
many pharmacologically active substances (Masquelin & Obrecht, 2001). They have found to possess strong anti- 
inflammatory (Hirai et al, 1980), antimicrobial (Ali & El-Kazak, 2010), antitumor (Andreani et al, 2008) and selective 
cardiodepressant activities (Budriesi et al, 2008). Other compounds contaming the thiazole ring have been reported as 
being histamine H3 antagonists (Walczynski et al, 2005) and herbicidals (Andreani et al, 1996). In view of these 
findings and as part of our efforts (Mague et al, 2014; Mohamed et al, 2Q\3a,b) to identify new candidates that may be 
of value in designing new and potent antimicrobial agents we report the synthesis and crystal structure of the title 
compound. 

In the title compound (1, Fig. 1), the dihedral angle between the S1/N1C1-C3 thiazolylidene and N4/C18-C22 
pyridinium rings is 14.73 (13)° while that between the phenyl groups C4-C9 and C10-C15 and the mean plane of the 
thiazolylidene ring are, respectively, 34.69 (13) and 64.27 (13)°. The N1-C3-N2-N3, C3-N2-N3-C16, N2-N3-C16- 
C17, N2-N3-C16-C18 andN3-C16-C18-C19 torsion angles are 174.4 (2), -172.8 (2), 5.7 (4), -174.3 (2) and 170.7 (3) 
°, respectively. The bond lengths and bond angles in (I) are normal and comparable to those previously reported for 
similar structures (Mague et al, 2014; Mohamed et al, 2013a,fc). 

In the crystal, zigzag chains of alternating bromide ions and water molecules associated through O — H---Br interactions 
run in channels approximately parallel to the b axis. These chains help form parallel chains of cations through N — H --0, 
C— H-N and C— H-Br hydrogen bonds (Fig. 2 and Table 1). 

2. Experimental 

The title compound has been prepared according to our reported method (Mohamed et al, 2013i). Orange crystals 
suitable for X-ray diffraction (m.p.: 507 K) have been obtained by crystallization of the crude product (1) from ethanol. 

3. Refinement 

H-atoms attached to carbon were placed in calculated positions (C — H = 0.95 - 0.98 A) while those attached to nitrogen 
and oxygen were placed in locations derived from a difference map and their coordinates adjusted to give N — H = 0.89 
and O — H = 0.84 A. All were included as riding contributions with isotropic displacement parameters 1 .2 - 1.5 times 
those of the attached atoms. 
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Figure 1 

Perspective view of the asymmetric unit showing one of the O — H - Br interactions as a dotted hne. Displacement 
elHpsoids are drawn at the 50% probability level. 




Figure 2 

Packing viewed down the b axis showing the interionic interactions as dotted lines (O — H-- Br, orange; N — H - 0, blue; C 
— H - Br, green; C — H -N, grey. 



Acta Cryst. (2014). E70, o478-o479 



sup-2 



supplementary materials 



2-((1f)-1-{2-[(2Z)-3,4-Diphenyl-2,3-dihydro-1,3-thiazol-2-ylidene]hydrazin-1-ylidene}ethyl)pyridin-1-ium 
bromide monohydrate 



Crystal data 

C22Hl9N4S+Br-H20 

Mr = 469.40 
Orthorhombic, Pnali 
Hall symbol: P 2c -2n 
a = 21.8890 (17) A 
b = 5.7384 (4) A 
c= 16.6941 (13) A 
K= 2096.9 (3) A3 
Z=4 

Data collection 

Bruker SMART APEX CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
Detector resolution: 8.3660 pixels mm"' 

(p and m scans 

Absorption correction: multi-scan 

(SADABS; Bruker, 2013) 
7U = 0.69, Tn^^ 0.89 

Refinement 

Refinement on P- 

Least-squares matrix: full 

R[P > 2o-(i^)] = 0.027 

wR{I^) = 0.060 

S= 1.05 

5394 reflections 

263 parameters 

71 restraints 

Hydrogen site location: inferred from 
neighbouring sites 



F(000) = 960 

1.487 Mgm-3 
Mo Ka radiation, A = 0.71073 A 
Cell parameters from 9578 reflections 
e = 2.2-28.6° 
lu = 2.08 mm-i 
T= 150K 
Column, orange 
0.19 X 0.08 X 0.06 mm 



35645 measured reflections 
5394 independent reflections 
4943 reflections with / > 2a(I) 
flint = 0.046 

drmn = 28.9°, 6mm = 1.9° 

h = -29^29 
/ = -22^21 



H-atom parameters constrained 

where P = {F,^ + 2F,^)/3 
(A/o-)„^ = 0.001 
Apmax = 0.60 e A 3 
Ap„j„ = -0.18eA-5 

Absolute structure: Flack parameter determined 
using 2220 quotients [(F)-iI-)]W)+U')] 
(Parsons et al, 2013) 

Absolute structure parameter: 0.011 (4) 



Special details 

Geometry. Bond distances, angles etc. have been calculated using the roimded fractional coordinates. All su's are 
estimated from the variances of the (full) variance-covariance matrix. The cell e.s.d.'s are taken into account in the 
estimation of distances, angles and torsion angles 

Refinement. Refinement on F^ for ALL reflections except those flagged by the user for potential systematic errors. 
Weighted i?-factors wR and all goodnesses of fit S are based on F^, conventional fl-factors R are based on F, with F set to 
zero for negative 7^. The observed criterion of 7^ > <7(/^) is used only for calculating -fl-factor-obs etc. and is not 
relevant to the choice of reflections for refinement. i?-factors based on are statistically about twice as large as those 
based on F, and fl-factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 

X y Z t/iso*/^eq 

SI 0.61850(3) 0.09593 (11) 0.85092(4) 0.0229(2) 

Nl 0.51800 (10) 0.2131 (3) 0.78160 (14) 0.0192 (6) 

N2 0.57004(10) -0.0860(4) 0.71385 (14) 0.0217(6) 
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Atomic displacement parameters (A^) 
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(18) 


0.0276 


(14) 


0.0247 


(16) 


0.0114(13) 


0.0082 (14) 


0.0017(11) 


C8 


0.0266 


(14) 


0.0366 


(14) 


0.0210 


(14) 


0.0056 (12) 


0.0026 (12) 


0.0015 (12) 


C9 


0.0255 


(13) 


0.0264 


(12) 


0.0190 


(14) 


-0.0004(11) 


-0.0011 (11) 


-0.0012(11) 


CIO 


0.0175 


(12) 


0.0245 


(12) 


0.0162 


(13) 


0.0034 (10) 


-0.0018 (10) 


-0.0051 (10) 


Cll 


0.0204 


(13) 


0.0226 


(12) 


0.0348 


(17) 


0.0012 (11) 


-0.0028 (11) 


-0.0047(11) 


C12 


0.0239 


(14) 


0.0354 


(16) 


0.0417 


(19) 


0.0039 (13) 


-0.0080 (13) 


-0.0144 (14) 


C13 


0.0323 


(16) 


0.0530 


(19) 


0.0234 


(16) 


0.0137(15) 


-0.0102 (13) 


-0.0095 (14) 


C14 


0.0458 


(19) 


0.0388 


(17) 


0.0206 


(15) 


0.0114(15) 


-0.0038 (13) 


0.0031 (12) 


C15 


0.0284 


(14) 


0.0272 


(13) 


0.0186 


(14) 


0.0025 (11) 


0.0008 (11) 


-0.0033 (10) 


C16 


0.0191 


(12) 


0.0255 


(12) 


0.0178 


(13) 


-0.0011 (10) 


0.0011 (10) 


0.0002 (10) 


C17 


0.0326 


(16) 


0.0433 


(16) 


0.0212 


(16) 


0.0109 (14) 


-0.0024 (12) 


-0.0033 (13) 


C18 


0.0188 


(12) 


0.0229 


(11) 


0.0167 


(12) 


-0.0027 (10) 


0.0036 (10) 


0.0001 (10) 


C19 


0.0259 


(14) 


0.0322 


(14) 


0.0175 


(14) 


0.0014(11) 


0.0009(11) 


-0.0057 (11) 


C20 


0.0333 


(16) 


0.0281 


(14) 


0.0256 


(16) 


0.0050 (12) 


0.0066 (12) 


-0.0080 (12) 


C21 


0.0289 


(16) 


0.0307 


(14) 


0.0310 


(17) 


0.0088 (12) 


0.0025 (12) 


-0.0009 (13) 


C22 


0.0240 


(14) 


0.0310 


(15) 


0.0245 


(16) 


0.0035 (12) 


-0.0009 (12) 


-0.0034(11) 


Brl 


0.0380 


(2) 


0.0227 


(1) 


0.0221 


(1) 


-0.0011 (1) 


-0.0049 (1) 


-0.0042 (1) 


01 


0.0582 


(15) 


0.0222 


(10) 


0.0257 


(12) 


0.0051 (9) 


-0.0093 (10) 


-0.0045 (8) 



Geometric parameters (A, °) 



SI— CI 


1.735 (3) 


C14— C15 


1.393 (4) 


SI— C3 


1.740 (3) 


C16— C18 


1.469 (4) 


Ol— HIA 


0.8400 


C16— C17 


1.501 (4) 


01— HIB 


0.8400 


C18— C19 


1.394(4) 


Nl— C2 


1.414(3) 


C19— C20 


1.394(4) 


Nl— CIO 


1.439 (4) 


C20— C21 


1.375 (4) 


Nl— C3 


1.373 (3) 


C21— C22 


1.374 (5) 


N2— C3 


1.310(3) 


CI— HI 


0.9500 


N2— N3 


1.381 (3) 


C5— H5 


0.9500 


N3— C16 


1.293 (4) 


C6— H6 


0.9500 


N4— C18 


1.348 (3) 


C7— H7 


0.9500 


N4— C22 


1.345 (4) 


C8— H8 


0.9500 


N4— H4 


0.8900 


C9— H9 


0.9500 


CI— C2 


1.346(4) 


Cll— Hll 


0.9500 


C2— C4 


1.471 (3) 


C12— H12 


0.9500 
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C4— C9 
C4— C5 
C5— C6 
C6— C7 
C7— C8 
C8— C9 
CIO— Cll 
CIO— C15 
Cll— C12 
C12— C13 
C13— C14 



1.404 (4) 
1.401 (4) 
1.382 (4) 
1.382 (5) 

1.389 (4) 
1.381 (4) 
1.393 (4) 
1.379 (4) 
1.387 (4) 

1.390 (5) 
1.369 (5) 



C13— H13 
C14— H14 
C15— H15 
C17— H17C 
C17— H17A 
C17— H17B 
C19— H19 
C20— H20 
C21— H21 
C22— H22 



0.9500 
0.9500 
0.9500 
0.9800 
0.9800 
0.9800 
0.9500 
0.9500 
0.9500 
0.9500 



CI— SI— C3 
HIA— 01— HIB 
C2— Nl— CIO 
C3— Nl— CIO 
C2— Nl— C3 
N3— N2— C3 
N2— N3— C16 
C18— N4— C22 
C22— N4— H4 
C18— N4— H4 
SI— CI— C2 
CI— C2— C4 
Nl— C2— CI 
Nl— C2— C4 
Nl— C3— N2 
SI— C3— Nl 
SI— C3— N2 
C2— C4— C5 
C2— C4— C9 
C5— C4— C9 
C4— C5— C6 
C5— C6— C7 
C6— C7— C8 
C7— C8— C9 
C4— C9— C8 
Cll— CIO— C15 
Nl— CIO— Cll 
Nl— CIO— C15 
CIO— Cll— C12 
Cll— C12— C13 
C12— C13— C14 
C13— C14— C15 
CIO— C15— C14 
N3— C16— C17 
N3— C16— C18 
C17— C16— C18 
C16— C18— C19 



90.18(12) 

111.00 

125.7(2 

120.3 (2 

113.5 (2 

109.4 (2 
116.0(2 

123.7 (2 
117.00 
119.00 
113.4(2 
125.1 (2 
111.8(2 
123.1 (2 
122.3 (2 
111.11 ( 
126.51 ( 
118.9 (2 

123.1 (2 
117.9(2 
121.0 (3 

120.6 (3 

119.2 (3 

120.8 (3 
120.6 (3 

121.0 (3 

119.5 (2 
119.5(2 
119.0(3 

120.1 (3 

120.3 (3 

120.4 (3 

119.2 (3 

126.3 (3 
114.8(2 
118.9(2 

123.5 (2 



8) 
9) 



C19— C20— C21 
C20— C21— C22 
N4— C22— C21 
SI— CI— HI 
C2— CI— HI 
C6— C5— H5 
C4— C5— H5 
C5— C6— H6 
C7— C6— H6 
C8— C7— H7 
C6— C7— H7 
C9— C8— H8 
C7— C8— H8 
C4— C9— H9 
C8— C9— H9 
CIO— Cll— Hll 
C12— Cll— Hll 
C13— C12— H12 
Cll— C12— H12 
C12— C13— H13 
C14— C13— H13 
C15— C14— H14 
C13— C14— H14 
CIO— C15— H15 
C14— C15— H15 
C16— C17— H17B 
C16— C17— H17C 
H17A— C17— H17B 
H17A— C17— H17C 
H17B— C17— H17C 
C16— C17— H17A 
C18— C19— H19 
C20— C19— H19 
C21— C20— H20 
C19— C20— H20 
C20— C21— H21 
C22— C21— H21 



119.8 (3) 

119.5 (3) 

119.5 (3) 

123.00 

123.00 

120.00 

120.00 

120.00 

120.00 

120.00 

120.00 

120.00 

120.00 

120.00 

120.00 

121.00 

121.00 

120.00 

120.00 

120.00 

120.00 

120.00 

120.00 

120.00 

120.00 

109.00 

109.00 

109.00 

109.00 

110.00 

109.00 

120.00 

120.00 

120.00 

120.00 

120.00 

120.00 
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N4 — CI 8 — C19 


1 1 "7 O 

117.0 (z) 


N 4 — Czz — Hz2 




1 'lA AA 

120. UU 


N4 — Clo — Clo 


118.5 (2) 


/"^'l 1 /^T^ TTT^ 

C21 — C22 — H22 




1 '^A AA 

120.00 


r^io r^'\c\ r^^c\ 

c 1 6 — c 1 y — C.20 


119.7 (3) 








C3 — SI — CI — C2 


A A /''^\ 

0.9 (2) 


C 1 — C2 — C4 — C5 




33.9 (4) 


CI — si — C3 — Nl 


A '? 1 /I A\ 

-0.31 (19) 


CI — C2 — C4 — C9 




-141.5 (3) 


CI — sl — C3 — N2 


177.4 (2) 


C2 — C4 — C5 — C6 




—176.6 (3) 


/^'? TvT1 1 


1 A /'^N 

1.0 (3) 


C9 — C4 — C5 — Co 




1 A //I \ 

-1.0 (4) 


/^'J XT1 /^O A 

Cj — N 1 — L.Z — C4 


— 1 fj. 1 (z) 


Cz — C4 — Cy — Co 




1 /o. / (3) 


C 1 0 — N 1 — Cz — C 1 


1 TA O ^'~\\ 

—170.8 (2) 


r~^c A /^A i~^o 

C5 — C4 — C9 — C8 




1.3 (4) 


C 1 0 — N 1 — C2 — C4 


12.5 (4) 


C4 — C5 — C6 — C7 




A A /C\ 

-0.4 (5) 


r~*'~\ XT1 CI 

Cz — N 1 — — Si 


A '? /T \ 

-0.3 (3) 


t~^z r^n r^o 

C5 — C6 — C7 — C8 




1.6 (5) 


/^O ATI XTO 

Cz — IN i — C3 — JNz 


— 1 /o.l (z) 


/^/c /^o /^n 
C6 — C / — Co — C9 




-1.3 (5) 


LIO — Nl — C3 — bl 


1 T 1 A^ / 1 T\ 

171.96 (17) 


/~^c\ A 

C7 — C8 — C9 — C4 




A 1 / A\ 

-0.1 (4) 


1 A XT1 /"^o 

CIO — Nl — C3 — N2 


-5.8 (4) 


Nl — CIO — Cll — C12 




-177.3 (3) 


Cz — N 1 — L 1 U — C 1 1 


1^1 '? \ 

-121.3 (3) 


C 1 5 — C 1 0 — C 1 1 — C 1 2 




1.7 (4) 


Cz JN 1 CiU CiD 


D9. / (4) 


N 1 — CIU — CI J — C14 




1 / /.y (3) 


C3 — Nl — CIO — Cll 


67.5 (3) 


<^1A /~<1C 

Cll — CIU — C15 — C14 




-1.1 (4) 


C3 — Nl — CIO — C15 


-111.5 (3) 


CIO — Cll — C12 — C13 




-0.8 (4) 


/"^l XT-^ XT'? /"^ 1 

C3 — Nz — N3 — Clo 


—172.5 (2) 


Cll — C12 — C13 — C14 




-U.6 (5) 


N3 — Nz — C3 — al 


8.2 (3) 


Clz — C13 — C14 — CI J 




1.2 (5) 


XT'? XTO XT1 

N3 — ^N2 — C3 — 1 


—1/4.4 (2) 


C13 — C14 — C15 — CIU 




A A / A\ 

— U.4 (4) 


XT'^ XT'? 1 /' 1 ^7 

N2 — N3 — C 1 6 — C 1 7 


5.7 (4) 


XTO 1 1 O XT/1 

N3 — C 1 6 — C 1 8 — N4 




-7.6 (4) 


XT'^ XT1 £^ /"^ 1 o 

N2 — N3 — Clo — Cl6 


^ n A 1 /'?\ 

—174.3 (2) 


XT'? /^IZT /~^10 /^1A 

N3 — C16 — C18 — CI 9 




1 TA n n \ 

170.7 (3) 


Czz — N4 — Clo — Clo 


1 '7'7 r\ /i\ 
1 / /.O (3) 


r^in ^10 XT /I 
CI / — C16 — Clo — ^N4 




1 /2.4 (z) 


Cll Mzl PIS P1Q 


— 1 zl 
1 .4 (^4; 


CM PI 6 PIS P1Q 






C18— N4— C22— C21 


0.5 (4) 


N4— C18— C19— C20 




1.7(4) 


SI— CI— C2— Nl 


-1.2 (3) 


C16— C18— C19— C20 




-176.6(3) 


SI— CI— C2— C4 


175.4 (2) 


C18— C19— C20— C21 




-1.3 (4) 


Nl— C2— C4— C5 


-149.9 (3) 


C19— C20— C21— C22 




0.4 (5) 


Nl— C2— C4— C9 


34.8 (4) 


C20— C21— C22— N4 




0.0 (5) 


Hydrogen-bond geometry (A, ") 


D—YL-A 


D—R U-A 


D-A 


D—n-A 


01— HU-Brl 


0.84 


2.45 


3.276 (2) 


170 


01— Hlj5-Brl' 


0.84 


2.49 


3.330(2) 


174 


N4— H4-01" 


0.89 


1.98 


2.729 (3) 


141 


C15— H15-N2' 


0.95 


2.62 


3.566 (4) 


178 


C20— H20- ■Brl'" 


0.95 


2.72 


3.645 (3) 


166 



Symmetry codes: {i)x,y^\,z; (i\)x,y-\,z; (m)-x+3/2,y-3/2,z-l/2. 
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